The detection of female cell activity in male sex-chromosome chimeric Rideau Arcott sheep, using the Xist gene product as a marker The detection of the SRY (Sex-determining region on the Y chromosome) gene is a popular method used for the identification of freemartins (XX/XY female chimeras). This method relies on the fact that the SRY gene is a Y chromosome specific gene and is thus normally only present in males. Therefore detecting its presence in a female indicates the presence of male cells (XY cells) within the female. This concept can be extrapolated to the male counterparts of freemartins with regards to the Xist gene. This gene is normally only widely expressed in females and can be used as a marker for identifying females. Therefore, detecting Xist gene expression in males (in tissues other than the testes, as the Xist gene is expressed exclusively in the testes of males) may indicate that these males contain transcriptionally competent female cells and thus necessarily labels them as sex-chromosome chimeras. In the present study four previously identified male sex chromosome chimeras were screened for the expression of the Xist gene using reverse transcription Polymerase Chain Reaction (PCR), and it was detected in three of the four chimeras. Xist expression was not detected in one of the chimeras because the proportion of female cells in its blood is significantly lower and thus it is likely that the blood sample used in the study did not possess female cells. None-the-less it was concluded that the detection of Xist expression in male sex chromosome chimeras can be used as an indication of the presence and transcriptional competence of female cells within them. n order to compensate for the difference in the number of X chromosomes between the sexes, females have evolved an epigenetic compensatory mechanism which involves the inactivation of one X chromosome in each of their cells (with the exception of oocytes) as early as the eight-cell stage during embryogenesis. 21 This inactivation process is mediated by the X inactivation Center (Xic), which contains the X inactivation specific transcript (Xist) gene as well as other genes which encode transcription factors (enhancers and repressors) involved in the process. 30, 49 Of particular interest in the inactivation process of placental mammals is the Xist gene which encodes Xist ribonucleic acid (RNA) as its final product, unlike other genes which encode protein as their final product. 42 The X chromosome to be inactivated is determined by the Xic and it has been shown that there has to be physical interaction between the Xics of the two X chromosomes in a female cell before the expression of the Xist gene occurs. 35 To initiate the inactivation process, the Xist gene is expressed from the Xic of the X chromosome to be inactivated.
14 At this point, Tsix, which is a gene located antisense to the Xist gene and constitutively expressed on both X chromosomes (to antagonize the effects of the Xist gene), is down-regulated on the chromosome to be inactivated. 33 The Xist RNA then forms two stable stem loop structures which fully coat the X chromosome to mediate heterochromatin modifications resulting in the transcriptional inactivity of the chromosome. 37 These changes include histone acetylation, DNA methylation, low levels of histone H3 lysine-4 methylation, and high levels of histone H3 lysine-9 methylation. These processes result in the formation of a Barr body (which is composed of the inactivated X chromosome and Xist RNA) that is generally located on the periphery of the nucleus and replicates late in the cell cycle. 14 The process of X inactivation is a very gradual process beginning with the inactivation of genes in direct proximity to the Xic (e.g. Pgk1; Phosphoglycerate kinase 1) and then spreading centrally from the Xic to other genes along the chromosome (e.g. Hprt; Hypoxanthine-guanine phosphoribosyltransferase). 28 Although the Xist gene is constitutively expressed in female cells, studies have shown that the Xist RNA is primarily only involved in the initiation of the inactivation process. 31 Deoxyribonucleic acid (DNA) methylation and Polycomb group (PcG) proteins have been implicated in the maintenance of transcriptional repression in the inactive X chromosome. 5 The importance of the X inactivation process has been demonstrated through experiments which studied individuals with defects in the genes necessary for X inactivation. Females which fail to inactivate at least one X chromosome in each cell are developmentally retarded whereas those which inactivate both X chromosomes die before reaching the blastocyst stage during embryogenesis. 28 Unlike females who are predisposed to inactivate one X chromosome in each of their cells, Xist-mediated X chromosome inactivation in males is restricted to the testes. 45 During spermatogenesis the lone X chromosome present in developing sperm cells is transiently inactivated. The inactivation process may prevent deleterious, illegitimate recombination events between the unpaired regions of the sex chromosomes and other chromosomes during meiosis. 25 Circumstantial evidence has linked failures in the meiotic X inactivation process in males to sub-fertility and even sterility. 45 The main focus of the present experiment was to screen for Xist gene expression in male sex chromosome chimeras (XY/XX chimeras). Although the majority of the cells present in these organisms comprise male cells, these organisms also possess female cells. Male sex chromosome chimeras can be formed by the fusion of two or more embryos of different sexes as well as cell traffic through the placenta between mother and male fetus. However, the most commonly reported mechanism of their formation involves the fusion of placental blood vessels between twins of opposite sex during pregnancy in sheep. 12 It has been suggested that sheep with twin pregnancy are more genetically susceptible to the placental blood vessel fusion process. 27 The fusion of placental blood vessels results in a shared common circulation which allows for cell traffic between the twins. If hematopoietic stem cells are trafficked from the female sibling into the male, a male sex chromosome chimera would arise because the male would now comprise two genetically distinct cells (male and female cells) which would have arisen from two different zygotes. 36 If cells are trafficked in the opposite direction (that is from the male to the female) a freemartin or female sex chromosome chimera would develop. A lot of attention has been drawn to the freemartins because they tend to be sterile (representing economic loss to farmers) and develop reproductive abnormalities associated with the activity of male cells, anti-mullerian hormone and other hormones in them. They tend to develop a masculinized phenotype characterized by an enlarged clitoris, blind-ended vagina, absent cervix, male-type gonads and hypoplastic mullerian duct structures. 12 Their male counterparts (male sex chromosome chimeras) on the other hand, have received little scrutiny because they tend to develop a normal reproductive system.
With the knowledge that Xist gene expression occurs in every female somatic cell whereas it is only limited to the testes in males, detecting Xist expression in somatic cells from males necessarily labels those cells as female cells and the entire organism a male sex chromosome chimera. To be consistent with this idea, the present experiment makes use of peripheral white blood cells to screen for Xist gene expression in four previously identified male sex chromosome Rideau Arcott sheep chimeras.
MATERIALS AND METHODS

Blood Collection
Blood samples were collected through jugular venipuncture from four previously identified chimeric rams (K300, K305, M148 and L50), a non-chimeric ram which was born of a same-sex litter (male control S235) and a ewe which was also born of a same-sex litter (female control S7). The collection was made using vacutainer 20 G1 needles and 7 ml EDTA tubes. These blood samples were collected from animals at Ponsonby farm.
Extraction of white blood cell layer from whole blood
The white blood cell layer from each blood sample was extracted. The extraction of the white blood cell layer from whole blood was done using the standard phenol-chloroform protocol described by Barker 6 and Brace.
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Extraction of total RNA and reverse transcription
The white blood cells in each sample were lysed with lysis buffer (0.1M Tris, 40mM EDTA, 0.5mM NaCl, 0.2% SDS) and total RNA was extracted using TRIZOL ® Reagent according to the manufacturer's instructions (Invitrogen Canada Inc., Burlington ON). Total RNA was treated with DNA-free® (Ambion Inc./ Austin, TX USA) and reverse transcription was carried out using Superscript II® RNase HReverse Transcriptase (Invitrogen Canada Inc., Burlington ON).
Amplification of cDNA using Polymerase Chain Reaction
Using Xist primers (see Table 1 ) and PCR, the Xist complementary DNA (cDNA) present in each sample was amplified with AmpliTaq Gold enzyme according to the GeneAmp 10X PCR buffer II kit instructions (Applied Biosystems). In addition to the Xist cDNA amplifications, β-actin cDNA amplifications were run as a control. The samples were placed in a PTC-200 Peltier Thermal Cycler® (MJ Research, Waltham MA, USA) and the β-actin program was run for both Xist and β-actin amplifications. However Xist primers were used for Xist cDNA amplification and β-actin primers were used for β-actin cDNA amplification.
Visualization of PCR products
The PCR products along with a 100 base pair (bp) ladder (Invitrogen, 1µg/µl) were separated through electrophoresis
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RESULTS
Visualization of the gel containing β-actin-amplified PCR products revealed the presence of β-actin cDNA in all of the samples except water, which was run as a negative control (see Figure 1) . This gel was run as positive control to ensure that the cells in each sample were transcriptionally active (and thus still alive) before they were subject to the experimental conditions. If the cells were deceased before they were exposed to experimental conditions, all the RNA in them would have been degraded, and thus β-actin would not be detected.
Visualization of the gel containing Xist-amplified PCR products, revealed the presence of Xist cDNA in the female control (S7) as well as K305, M148 and L50, contrary to the other samples (including K300, water, and the male control (S235)) in which Xist cDNA was not detected (see Figure 2) .
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DISCUSSION
Sex-chromosome chimeras (XX/XY chimeras) are usually formed by cell traffic between heterosexual twin siblings, which occurs as a result of placental blood vessel anastomosis during twin pregnancies. 36 This process is thought to be controlled by a genetic process that induces aggressive and invasive blood vessel development thus increasing the probability of blood vessel fusion. 10 Twin pregnancies are quite uncommon in cattle, occurring at a frequency of 0.5-2%. never-the-less, sex-chromosome chimerism occurs in 92% of these cases. 27 In Rideau Arcott sheep on the other hand, although twin pregnancies occur relatively frequently, sex-chromosome chimerism occurs in only 4.35% of these cases. 10 Contrary to what was previously believed, Brace 10 demonstrated for the first time that the incidence of sex-chromosome chimerism in these animals is independent of litter size and sex ratio, however, given that the placental structures of cattle and sheep are similar, the difference in the incidence of chimerism between both species has been attributed to a genetic process.
As opposed to their male counterparts (male sex chromosome chimeras) which develop normally, freemartins have been extensively studied due to the reproductive abnormalities often associated with them. These females usually develop masculinized reproductive phenotypes, attributable to the effects of male-specific hormones (e.g. anti-mullerian hormone) in them. In 2006, it was shown for the first time that the severity of masculinization of the reproductive tracts of freemartins is dependent on the timing of placental blood vessel anastomosis; fusions that occur much later in gestation result in less severe masculinization of the reproductive tract, presumably because by this time, female reproductive tract development would almost have been completed before being exposed to the male-specific hormones. 10 It has been demonstrated that the female leukocytes in the blood of male sex chromosome chimeras (MSCC) may account for as much as 48% of the total number of leukocytes in their blood. 10 Never-the-less, these males develop normal masculine reproductive tracts. 44 This is consistent with the results of much earlier studies which have demonstrated that the presence of a Y chromosome in an individual leads to male sexual development, regardless of the number of X chromosomes present. 22 In normal males, the expression of the SRY gene is required for proper testis development which is in turn necessary for the circulation of anti-mullerian hormone (AMH). AMH is required for the defeminization component of male development; therefore female sexual development in MSCCs is inhibited due to the dominant effect of anti-mullerian hormone on the regression of the embryonic Mullerian duct that would otherwise give rise to the cervix, upper vagina, uterus and Fallopian tubes in normal females. 17, 50 At this point, the male-specific reproductive tract in MSCCs develops as a result of the effects of testosterone and dihydrotestosterone on Wollfian duct stimulation, external virilization of male genitalia and spermatogenesis. 20 The presence of female cells in male sex-chromosome chimeras has previously been described, 10 but for the first time, the present study shows that these female cells are transcriptionally active. The present experiment screened for Xist gene expression (that is, Xist RNA) in four previously identified MSCCs (see Brace 10 for the techniques used to identify these chimeras): M148, L50, K305 and K300. In leukocytes, Xist expression has previously been demonstrated to occur exclusively in female cells. 45 However, this molecular approach was applied to MSCCs for the first time in the present study. Considering that MSCC contain female cells, the present study hypothesized that Xist gene expression would be detected in them. Indeed, this hypothesis was verified as Xist cDNA was detected in three of the four chimeras.
The percent proportion of female cells in the male sex chromosome chimeras M148, L50, K305 and K300, was previously described; 10 K305 was demonstrated to comprise female leukocytes as 48% of the total number of leukocytes in its blood, while K300, M148 and L50 comprised female leukocytes as less than 1% of the total number of leukocytes in their blood. It has been demonstrated that foreign cells (female leukocytes in this case) can survive at a constant proportion throughout the lifetime of a chimera. However an inflammatory process mediated by eosinophils is responsible for the constant turnover and degradation of a majority of these foreign cells. Never-the-less, it is not fully understood why there exists such a discrepancy in the proportion of female leukocytes between chimeras such as K305 and K300. It has been suggested that some cells may possess a 'selective fitness' over others in a given environment thus, these cell types may be better able to survive and proliferate in some chimeras (e.g. K305) than in others (e.g. K300). This prospect may help to explain the observed difference in Xist expression between K305 and K300; Xist cDNA was detected in K305 and not K300. It is presumed that the blood sample collected from K300 lacked female leukocytes, given the very small proportion of female leukocytes that it possesses in its blood. Thus, the Xist gene would neither have been expressed in these samples nor detected.
The detection of Xist expression in males does not only indicate the presence of female cells within them, it also indicates that the female cells are transcriptionally competent. The presence of these female cells could have serious consequences on the physiology of these males as there is evidence that chimeric cells are implicated in certain autoimmune diseases, such as Hashimotos's disease, thyroiditis and systemic lupus erythematosus. Therefore, it is necessary to study these male chimeras further to understand the effects of female cell activity within them.
Conclusion
Based on the use of Xist-specific PCR screening, the present study shows for the first time that Xist gene expression occurs in male sex chromosome chimeras and the detection of Xist expression in these males not only suggests the presence of female cells within them, it also indicates that the female cells are transcriptionally competent.
